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METHOD AND APPARATUS FOR TRANSFERRING BLOCKS 

BACKGROUND 



RKFERENCE TO RELATED APPLICATION 

[0001] This is a continuation in part of Application Number 09/932,409 filed on August 
17, 2001 entitled "Web Fabrication of Devices." This application is hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a method and an apparatus for 
distributing particles. More specifically, the invention relates to a method and an apparatus for 
transferring particles such as blocks to form electronic assemblies. 

BACKGROUND 

[0003] The manufacture of electronic assemblies such as display panels is known in the 
art. One such method involves using fluidic self-assembly (FSA) that is described in U.S. Patent 
No. 5,545,291. Figure 1 illustrates that in FSA, blocks 102 with integrated circuits thereon are 
placed into a FSA fluid 104 such as water. The combination of the blocks 102 in the FSA fluid 
104, referred to as a slurry 106, is dispensed over recessed regions 108 in a substrate 110. The 
recessed regions 108 receive the plurality of blocks 102 and the blocks 102 are subsequently 
electrically coupled. 

[0004] Although FSA has provided advantages to electronic device manufacturers such 
as the increased speed of assembling an electronic device, several drawbacks may be associated 
with the FSA process. For instance, some blocks may fall to the surface of the substrate without 
settling into recessed regions. Blocks not settling into the recessed regions may be due to the 
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weight of some blocks being heavier than the fluid causing the blocks to fall to the surface of the 
substrate in which a recessed region does not exist. Alternatively, some blocks may be dislodged 
from the recessed regions even after having been deposited into these regions. Blocks being 
dislodged from the recessed regions may be due to additional treatment to the substrate such as 
cleaning and removing excess blocks. 

[OOOS] Having the blocks not being properly deposited into the recessed regions is 
problematic because devices manufactured with the recessed regions that lack a block generally 
operate less efficiently compared to devices in which all of the blocks have been properly placed. 
Improperly placed or absent blocks also lead to a lower overall production yield. A 
manufacturer may solve this problem by using a variety of methods. For example, the FSA 
process may be used a second time over the empty recessed regions. Applying a second FSA 
process, however, is expensive because it would require additional processing time, larger 
processing equipment in some cases, and additional blocks. 

[0006] Another method involves using a robot to place a block into a particular recessed 
region. Typically the robot may not place more than one block into one of the recessed regions. 
Additionally, a typical robot system only has a 625 |im accuracy. Moreover, using the robot is a 
time consuming and expensive process; for instance, a typical robot system has a placement 
speed of 2000-3000 units per hour. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by way of example and not limitation in the 
figures of the accompanying drawings, in which like references indicate similar elements, and in 
which: 

[0008] Figure 1 illustrates that FSA is used with a slurry having blocks to deposit these 
blocks into a substrate having recessed regions; 

[0009] Figure 2A illustrates a schematic diagram of an exemplary apparatus in which 
blocks are deposited into a relocating tool using FSA; 

[0010] Figure 2B illustrates a schematic diagram of an exemplary apparatus in which 
blocks are removed from a relocating tool filled with blocks and deposited into a substrate using 
a transfer tool; 

[0011] Figure 2C illustrates a schematic diagram of an exemplary apparatus having a 
process line where blocks are deposited into a relocating tool using FSA as in Figure 2A 
crossing over with another process line where blocks are removed from the relocating tool and 
deposited into a substrate as in Figure 2B; 

[0012] Figures 3A to 3C illustrate an example of receptor sites in a relocating tool being 
in alignment with nozzles in a transfer tool, which are also in alignment with receptor sites in a 
substrate; 

[0013] Figures 4A to 4B illustrate an enlarged side view of a transfer tooFs nozzle 
having thick edges pressing down onto a substrate as a block is being deposited to a receptor site 
to place the block below or at the same plane with a surface of the substrate; 

[0014] Figures 5 A to 5E illustrate an example of a transfer tool being used to transfer 
blocks of various sizes and various shapes into substrates having complimentary receptor sites to 
those various sized and shaped blocks; 
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[0015] Figure 6 illustrates a schematic diagram of an exemplary apparatus having a 
process line where adhesives are deposited into receptor sites in a substrate before blocks are 
deposited into the substrate; 

[0016] Figure 7 illustrates a schematic diagram of an exemplary apparatus having a 
process line where adhesives are deposited into receptor sites, and water droplets are deposited 
over the receptor sites of a substrate before blocks are deposited into the substrate; 

[0017] Figure 8 illustrates a schematic diagram of an exemplary electronic assembly 
where adhesives are deposited into receptor sites of a substrate and the substrate is submerged in 
water before blocks are deposited into the substrate; 

[0018] Figure 9 illustrates a schematic diagram of an exemplary electronic assembly 
where a polymer adhesive film such as polyvinyl alcohol is deposited over a substrate before 
blocks are deposited into receptor sites of the substrate; 

[0019] Figure 10 illustrates a schematic diagram of exemplary electronic assembly 
where heat is used to heat a thermoset substrate or a thermoplastic substrate and blocks are 
pressed into the heated thermoset substrate or the heated thermoplastic substrate; 

[0020] Figure 11 illustrates a schematic diagram of an exemplary electronic assembly 
where curable adhesive film is deposited over a substrate and blocks are pressed into the curable 
adhesive film; 

[0021] Figure 12A illustrates a schematic diagram of an exemplary apparatus having a 
process line where a transfer tool transfers blocks formed on a first substrate to a second 
substrate; 
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[0022] Figure 12B illustrates a schematic diagram of an exemplary apparatus having a 
process line where a transfer tool transfers blocks formed on a first substrate to a carrier and a 
material is formed over the blocks that are deposited in the carrier to form a second substrate; 

[0023] Figure l2C(l)-(5) illustrates a schematic diagram of an exemplary apparatus 
having a process line where a transfer tool uses an adhesive film attached thereto to transfer 
blocks to a substrate; 

[0024] Figure 13 illustrates an exemplary inethod of using a transfer tool to facilitate 
deposition of blocks into a substrate; 

[0025] Figure 14 illustrates an exemplary method of using a transfer tool to facilitate 
deposition of blocks into a substrate wherein receptor sites in the substrate have adhesives 
deposited therein; 

[0026] Figure 15 illustrates an exemplary method of using a transfer tool and water 
droplets deposition to facilitate deposition of blocks into a substrate wherein receptor sites in the 
substrate have adhesives deposited therein; 

[0027] Figure 16 illustrates an exemplary method of submerging a substrate in water and 
using a transfer tool to facilitate deposition of blocks into the substrate wherein receptor sites in 
* the substrate have adhesives deposited therein; 

[0028] Figure 17 illustrates an exemplary method of using a transfer tool to facilitate 
deposition of blocks into a substrate having a polymer adhesive film coated thereon; 

[0029] Figure 18 illustrates an exemplary method of submerging a substrate in water and 
using a transfer tool to facilitate deposition of blocks into the substrate having a polymer 
adhesive film coated thereon; 
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(0030| Figure 19 illustrates an exemplary method of using a transfer tool to facilitate 
deposition of blocks into a thermoset substrate wherein the thermoset substrate is heated; 

[0031] Figure 20 illustrates an exemplary method of using a transfer tool to facilitate 
deposition of blocks into a curable adhesive layer deposited on top of a substrate; 

[0032] Figure 21 illustrates an exemplary method of using a transfer tool to transfer 
blocks formed from a first substrate to a second substrate; and 

[0033] Figure 22 illustrates another exemplary method of using a transfer tool to transfer 
blocks formed from a first substrate to a second substrate. 
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DETAILED DESCRIPTION 

[0034] In the following description, numerous specific details such as specific materials, 
processing parameters, processing steps, etc, are set forth in order to provide a thorough 
understanding of the invention. One skilled in the art will recognize that these details need not 
be specifically adhered in order to practice the claimed invention. In other instances, well known 
processing steps, materials, ere, are not set forth in order not to obscure the invention. 

[0035] The present invention relates to methods and apparatuses of depositing functional 
blocks to a substrate. In more particular, the exemplary embodiments combine a transfer tool 
and FSA techniques to deposit functional blocks to a substrate. The exemplary embodiments 
describe apparatuses used to perform the deposition of the functional blocks into the substrate. 
The exemplary embodiments further relate to methods and apparatuses of securing the blocks 
into the substrate. 

[0036] In one exemplary embodiment, a plurality of functional blocks is deposited in a 
relocating tool having a first plurality of receptor sites. A transfer tool having a plurality of 
nozzles that are in alignment with the first plurality of receptor sites removes the plurality of 
functional blocks from the relocating tool. The transfer tool then deposits the plurality of 
functional blocks into a second plurality of receptor sites in a substrate. Alternatively, the 
receptor sites may comprise adhesives for securing the functional blocks. Vibration and water 
may be used to facilitate proper delivery of the functional blocks to the receptor sites. 

[0037] In another example, the transfer tool deposits the plurality of functional blocks to 
a substrate made out of a thermoset or a thermoplastic material that has been heated. The 
transfer tool deposits the functional blocks by pressing the functional blocks into the heated 
thermoset substrate or the thermoplastic substrate. 
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[0038] In another exemplary embodiment, a plurality of functional blocks having 
circuitry components is formed on a surface of a first substrate in which the circuitry components 
for the functional blocks are facing the surface of the substrate. A transfer tool having a plurality 
of nozzles remove the plurality of functional blocks from the substrate. The plurality of nozzles 
attaches to the non-circuit sides of the functional blocks. The functional blocks are inverted at a 
transfer station. The transfer tool picks up the inverted functional blocks such that the circuit 
sides of the functional blocks now attach to the plurality of nozzles. The functional blocks are 
deposited to a second substrate with the circuit sides facing upward from the substrate. 

[0039] In another exemplary embodiment, a plurality of functional blocks having 
circuitry components is formed on a surface of a first substrate in which the circuitry components 
for the functional blocks are facing the surface of the substrate. A transfer tool having a plurality 
of nozzles remove the plurality of functional blocks from the substrate. The plurality of nozzles 
attaches to the non-circuit sides of the functional blocks. The functional blocks are inverted at a 
transfer station. The transfer tool picks up the inverted functional blocks such that the circuit 
sides of the functional blocks now attach to the plurality of nozzles. The functional blocks are 
attached to a carrier having a photopattemable film. A material is deposited over the plurality of 
blocks that are attached to the carrier to form a second substrate supporting the blocks. Vias for 
electrical interconnections are then formed in the photopattemable film. 

[0040] In all of the embodiments to be discussed below, the functional block has a top 
surface upon which at least one circuit element is situated. The circuit element on the top surface 
of the functional block may be an ordinary integrated circuit (IC) for any particular function. For 
example, the IC may be designed to drive a pixel of a display. The IC may also be designed to 
receive power from another circuit for the operation of a passive RF ID tag. Alternatively, the 
IC may be designed to receive power from an energy source (e.g. battery) for the operation of an 



003424.P053 



9 



active RF ID tag. The functional block may be created from a host substrate and separated from 
this substrate. This method of making the functional block can be found in the method described 
in U.S. Patent Number 6,291,896 which is entitled "Functionally Symmetric Integrated Circuit 
Die." Alternatively, the functional block can be the NanoBlock®IC's made by Alien 
Technology, Morgan Hill, CA. 

[0041] Figure 2 A illustrates an exemplary embodiment of the present invention in which 
functional blocks are deposited into a relocating tool. In Figure 2A, a process line 200 includes 
a relocating tool 202, and a deposition device 204. The relocating tool 202 includes at least one 
receptor site (not shown) in the surface of the relocating tool 202 that is configured to receive a 
functional block 206. For example, if the functional blocks 206 are square shaped, the receptor 
sites are designed to be square shaped and slightly larger than the blocks to allow the blocks to 
closely fit within the receptor sites. In a preferred embodiment, the relocating tool 202 includes 
an array of receptor sites configured to receive an array of functional blocks. The array of 
receptor sites may have a pattern of the final arrangement of the functional blocks for an 
electronic assembly. For instance, the array of receptor sites may have a pattern of rows of 
display drivers for a flat panel display. The relocating tool 202 is designed such that it can 
include dense arrays of receptor sites, much denser than shown in this figure. 

[0042] In one example, the process line 200 further includes a cartridge 208 which stores 
a set of relocating tools 202 having receptor sites that are empty. The process line 200 further 
includes a moving mechanism 210, such as a robotic arm assembly, for moving a relocating tool 
202 from one device or one station to the next. - Additionally, the process line 200 may also 
include a drying device which can be used to dry the relocating tool 202 having receptor sites 
filled with functional blocks 206 (relocating tool 202F). Further yet, the process line 200 may 
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include another cartridge 214 which stores a set of relocating tools 202F having receptor sites 
filled with functional blocks 206. 

[0043] Continuing with Figure 2A, in another example, the deposition device 204 is a 
FSA device. FSA can be a conventional PSA device. In this example, a FSA fluid such as 
deionized water may be added to the FSA device. Functional blocks 206 are added to this fluid 
forming a slurry 216. The slurry 216 can be dispensed over the relocating tool 202 that has been 
moved to the FSA device. The functional blocks 206 are then deposited into the receptor sites in 
the surface of the relocating tool 202. Other devices known in the art can also be used to deposit 
the functional blocks 206 to the relocating tool 202. 

[0044] An exemplary sequence of filling the relocating tool 202 can be as followed. The 
moving mechanism 210 picks up an unfilled relocating tool 202 from the relocating tool - 
cartridge 208. The moving mechanism 210 moves the relocating tool 202 to the deposition 
devices 204 where the functional blocks 206 are deposited into the receptor sites in the surface of 
the relocating tool 202. The moving mechanism 210 then moves the relocating tool 202F (the 
relocating tool 202 filled with the functional blocks 206) to the drying device 212 for drying the 
relocating tool. The moving mechanism 210 then drops the dried relocating tool 202F into the 
relocating tool cartridge 214. 

[0045] Figure 2B illustrates an exemplary embodiment of the present invention in which 
the functional blocks 206 from the relocating tool 202F are transferred to a substrate 222. In 
Figure 2B, a process line 220 includes a transfer tool 224 which removes the fiinctional blocks 
206 fi^om the relocating tool 202F and transfer the functional blocks to the substrate 222. The 
transfer tool 224 includes a plurality of nozzles 226 to which the functional blocks 206 attach 
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during transferring. A vacuum source may be supplied to the plurality of nozzles 226 to securely 
hold the functional blocks 206 to the nozzles 226 during transferring. 

[0046] In one example, the process line 220 also includes a cartridge 228 that stores the 
relocating tools 202F that are filled with the functional blocks 206. The cartridge 228 can be the 
same as the cartridge 214 above. The process line 220 can also be a continuation of the process 
line 200 discussed above such that the process line 220 and the process line 222 constitute one 
continuous process line. Alternatively, the process line 220 is separated from the process line 
200. In this event, the vacuum source only needs to be connected to the process line 222 that has 
the transfer tool 224. 

[0047] In another example, the process line 220 includes a staging station 230 where the 
relocating tool 202F are transferred from the moving mechanism 210 to the transfer tool 224. 
Here, the moving mechanism 210 picks up the relocating tool 202F from the relocating tool 
cartridge 228, and releases the relocating tool 202F on the staging station 230. The transfer tool 
224 can then remove the functional blocks 206 from the relocating tool 202F. The moving 
mechanism 210 can also pick up the empty relocating tool 202 from the staging station 230 and 
moves the relocating tool 202 to a cartridge 232. In one example, the cartridge 232 is the same 
as the cartridge 208 in Figure 2A. 

[0048] In yet another example, the process line includes a drying device 234 which dries 
. or cures the substrate 220 using heat or UV lamp positioned below the substrate 220 as shown in 
Figure 2C. 

[0049] The substrate 220 can be made out of glass, plastic, foil, or any other suitable 
material depending on the application of the electronic assembly. The substrate 220 can be 
flexible, rigid, transparent, opaque, or any combination of the above. In one example, the 
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substrate 220 is material that is conventionally used to make a flat panel display for a computer, 
a cellular phone, a digital camera, or a digital camcorder such as glass or plastic. 

[0050] Figure 2C further illustrates an exemplary sequence of filling the relocating tool 
with functional blocks and transferring the functional blocks to the substrate. In this sequence, 
the process line 2400 includes a relocating tool process line 242 and a substrate process line 244, 
crossing each other. The relocating tool process line 242 moves the relocating tool 202 from 
being empty to be filled with the functional blocks where the transfer tool then removes the 
functional blocks and deposit them to the substrate process line 244. 

[0051] In an exemplary sequence, the moving mechanism 210 picks up an unfilled 
relocating tool 202 from the relocating tool cartridge 208. The moving mechanism 210 moves 
the relocating tool 202 to the deposition devices 204 where the fimctional blocks 206 are 
deposited into the receptor sites in the surface of the relocating tool 202. The moving 
mechanism 210 then moves the relocating tool 202F (the relocating tool 202 filled with the 
functional blocks 206) to the drying device 212 for drying the relocating tool. The moving 
mechanism 210 then moves the dried relocating tool 212F to the staging station 230. The 
transfer tool 224 then removes the functional blocks 206 from the relocating tool 202F. Vacuum 
suction may be applied at this point to secure the functional blocks 206 to the transfer tool 224. 
The transfer tool 224 moves to a predetermined point along the substrate 200 of a process line 
234 and deposits the fimctional blocks to the substrates 220. In one example, the substrate 220 
has a plurality of receptor sites that match the pattern of the nozzles 226 on the transfer tool 224. 
In this event, the transfer tool 224 moves to a predetermined point along the substrate 220 where 
the functional blocks 206 can be properly placed in the receptor sites. 
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[0052] In one preferred embodiment, the nozzles of the transfer tool are in alignment 
with receptor sites in the surface of the relocating tool 202 and with the receptor sites in the 
substrate 220. Figure 3A to 3C illustrate that the nozzles 226 of the transfer tool 224 are in 
alignment with receptor sites 300 in the surface of the relocating tool 202 and with the receptor 
sites 320 in the substrate 220. With such alignment, the transfer tool 224 can accurately remove 
the functional blocks 206 from the receptor sites 300 in the relocating tool 202 and accurately 
place the functional blocks 206 into the receptor sites 320 in the substrate 220. 

[0053] In another preferred embodiment, the nozzles of the transfer tool 224 include 
pressing edges 404. Figures 4A and 4B illustrate a nozzle 400 which could be the nozzle 226 
discussed above. The nozzle 400 includes two pressing edges 404 on each side of the nozzle 
400. The pressing edges 404 are particularly useful to planarize a functional block 206 into a 
receptor site 320 in a substrate 220. As shown in Figure 4A, when the functional block 206 is 
dropped into the receptor site 320, the functional block 206 may be tilted, protruding out of the 
receptor site 320, or otherwise not completely deposited into the receptor site 320. Functional 
blocks not properly placed in the receptor sites are one of the reasons why a thick planarization 
layer may be necessary to ensure that' a flat surface is present for formation of other components 
and interconnections upon the substrate 220. In most instances, the planarization layer is also the 
insulation layer in which contact vias are formed to allow interconnection to the functional 
blocks. When the functional blocks are not properly deposited or flatly deposited in the receptor 
sites, it is more difficult to create the vias. 

[0054] As shown in Figure 4B, the pressing edges 404 are used to press the functional 
block 206 into the receptor site 320 as the nozzle 400 is dropping or depositing the functional 
block 206 into the receptor site 320. Pressing down the functional block 206 secures the 
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functional block 206 inside the receptor site 320 as well as planarizes the functional block 206 to 
the surface of the substrate 220. With the pressing edges 404 to ensure that the functional block 
206 is properly deposited, the planarization layer for the substrate 220 may be thinner (e.g., l|im 
to 2 as compared to 10 |am with the blocks not completely and properly deposited). The 
planarization layer is thus flat and thin, which makes the via forming process (e.g., through 
conventional etching method) much easier to control. Additionally, higher yield can be achieved 
with nozzle 400. 

[0055] In another preferred embodiment, one transfer tool may be adapted to transfer 
different sized and shaped functional blocks. Figure 5A to 5E illustrate that a transfer tool 500 
having a plurality of nozzles 502 is used to transfer different sized and shaped functional blocks 
504a to 544f The nozzle 502 has a width Wi. The width Wi is configured so that it can be used 
for various shaped and sized functional blocks 504a to 504f. The width Wi is typically smaller 
than the smallest sized functional block, for example, the functional block 504c that the transfer 
tool 500 is designed to transfer. As shown in these figures, the transfer tool 500 is used to 
transfer functional blocks having trapezoidal shapes (e.g., 504a to 504d), rectangular shape (e.g., 
504e), and cylindrical shape (e.g., 504f). Other shapes not shown can also be included. 
Additionally, the transfer tool 500 is used to transfer functional blocks of different sizes (e.g., 
504a to 504 d). The transfer tool 500 is particularly useful to transfer different sized and shape 
functional blocks at the same time and in one sequence for an electronic assembly that may 
require functional blocks of different sizes and shapes. 

[0056] In another preferred embodiment, the relocating tool that is complementary to the 
transfer tool can be made with receptor sites of different sizes and shapes. In this embodiment, 
the functional block having the different sizes and shapes are deposited into the appropriate 
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receptor sites in the relocating tools. The receptor sites on the relocating tool have 
complimentary shapes and sizes to the functional blocks' shapes and sizes. The transfer tool 
having the same size nozzles is then used to remove the different sized and shaped functional 
blocks from the relocating tool. The nozzles are spaced in such a way that the center of each of 
the nozzles is in alignment with the center of each functional block as shown in Figures 5A to 
5F. The transfer tool then transfers the different sized and shaped functional blocks to the 
appropriate receptor sites on the substrate. The receptor sites on the substrate also are in 
alignment with the nozzles in the transfer tool. 

[00571 Figure 6 illustrates another embodiment of the present invention. Figure 6 
illustrates process line 600 in which adhesives are deposited into the plurality of receptor sites in 
the substrate. The process line 600 is similar to the process line 220 discussed in Figure 2B 
above. Additionally, the process line 600 includes an adhesive dispenser 620, which meters a 
predetermined amount of adhesive 622 into each of receptor sites 630 in substrate 620. The 
presence of the adhesive 622 in the receptor site 630 secures the functional block 606 as it is 
deposited into the receptor site. The presence of the adhesive 622 thus prevents the functional 
block 606 from being misplaced or dislodged from the receptor site 630. In one example, the 
predetermined amount of adhesive 622 to be metered into the receptor sites 630 can be optimized 
to secure the functional blocks 620 within the receptor sites with no unnecessary protrusion of 
the blocks above the surface of the substrate 620. 

[0058] The process line 600 includes transfer tool 624, which is similar to the transfer 
tool 224 discussed above. Furthermore, the transfer tool 624 may couple to a vibration source 
628, such as a piezo actuator or an electrodynamic coil. The vibration source 628 agitates or 
vibrates the nozzles 626 as the functional blocks 606 are being dropped from the nozzles 626 to 
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facilitate proper placement of the functional blocks 606 into the receptor sites 630. Additionally, 
the process line 600 includes a curing device 650 (e.g., UV lamp or heat lamp), which cures the 
substrate 620 having the functional blocks 606 deposited therein. The curing of the substrate 620 
cures the adhesives 622 and thus, further securing the functional blocks 606 inside the receptor 
sites 630. 

[0059j Figure 7 illustrates another embodiment of the present invention. Figure 7 
illustrates process line 700 in which adhesives are deposited into the plurality of receptor sites 
and water droplets are dispensed over the receptor sites. The process line 700 is similar to the 
process lines 600 and 220 discussed in Figures 2B and 6 above. Similar to Figure 6, the process 
line 700 includes an adhesive dispenser 720, which meters a predetermined amount of adhesive 
722 into each of receptor sites 730 in substrate 720. The presence of the adhesive 722 in the 
receptor site 730 secures the functional block 706 as it is deposited into the receptor site. The 
presence of the adhesive 722 thus prevents the functional block 706 from being misplaced or 
dislodged from the receptor site 730. 

[0060] In addition, the process line 700 includes a water dispenser 734, which meters a 
predetermined amount of water over the receptor sites 730. The substrate 720 can be coated with 
a hydrophobic layer (not shown) making the surface of the substrate (including the receptor sites) 
hydrophobic. The hydrophobic property in the substrate's surface makes the water droplets sit 
on top of the receptor sites 73.0 forming bubbles that can act like a mini-FSA system to 
move/direct the functional blocks in the receptor sites. 

[0061] Transfer tool 724 is similar to the transfer tool 624 and 224 discussed above. The 
transfer tool 724 may be coupled to a vibration source 728. The vibration source 728 agitates or 
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vibrates the nozzles 726 to facilitate proper placement of the functional blocks 706 into the 
receptor sites 730. 

[0062] The process line 700 also includes a curing device 750 (e.g., UV lamp or heat 
lamp), which cures the substrate 720 having the functional blocks 606 deposited therein. The 
curing of the substrate 720 cures the adhesives 722 and dries the substrate 720, thus, further 
securing the functional blocks 706 inside the receptor sites 730. 

[0063] Figure 8 illustrates an alternative embodiment 800 of the process line 700 shown 
in Figure 7. Instead of dispensing water over the receptor sites 730, the substrate 720 is 
submerged in a water 740. The water 740 can be a shallow water bath into which the substrate 
720 is submerged. When the substrate 720 is submerged, the receptor sites 730 are below the 
water level. In this embodirhent, the water facilitates the movement of the functional blocks 706 
into the receptor sites 730. The vibration from the vibration source 728 will also facilitate the 
movements of the functional blocks 706 over the receptor sites. 

[0064] Figure 9 illustrates an alternative embodiment 900 of the process line 600 shown 
in Figure 6. In the embodiment 900, instead of using the adhesives 622 to help securing the 
fimctional blocks 630, the substrate 620 is coated with a layer 640 of an adhesive material that 
can be cured to bond to the functional blocks 606. An example of such a material is polyvinyl 
alcohol (PVA). When PVA is cured, the functional blocks deposited in the receptor sites 630 
will be secured to the PVA layer, thus, secured within the receptor sites 630. 

[0065] Figure 10 illustrates another exemplary embodiment, embodiment 1000, of the 
present invention. In the embodiment 1000, a substrate that is made out of a thermoset material 
is used. Thermoset materials usually start out as liquids. Heating them causes them to cure into 
a solid. The thermoset substrate is first heated; functional blocks are then deposited to the 
thermoset substrate; then, the thermoset substrate is cured which when cured, will have the 
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functional blocks deposited therein with receptor sites forming to conform to the blocks. It is 
possible to have a partially-cured (aka "beta staged") thermoset which is solid, but can be cured 
more. Examples of a thermoset material include polyisoprene, a beta staged thermoset, epoxy, 
and urethane polymer networks. Alternatively, the substrate is made out of a thermoplastic 
material that can be heated above its glass transition temperature such that the substrate is 
softened. Thermoplastic materials usually start out as solids, which get softened at high 
temperature, and then cooled to a solid again. The functional blocks are deposited into the 
heated and softened thermoplastic substrate which when cooled, will have the blocks deposited 
therein with receptor sites forming to conform to the blocks. 

[0066] In both of these embodiments, the substrate 1002 does not include receptor sites 
that are already formed into the surface of the substrate. In one example, the embodiment 4 000 
includes a heater (not shown) that can heat the thermoset substrate 1002 to a temperature 
exceeding the thermo limit to soften the substrate 1002. In another example, the embodiment 
1000 includes a heater (not shown) that can heat the thermoplastic substrate 1002 to a 
temperature exceeding the glass transition limit to soften the substrate 1002. 

[0067] To deposit the functional blocks into the heated thermoset substrate 1002 or the 
thermoplastic substrate 1002, the process line 200 and the process line 220 discussed above can 
be used. Once the transfer tool 224 have the functional blocks 206 attached to the nozzles 226 
using any one of the embodiments discussed above, the transfer tool 224 can press the ftmctional 
blocks 206 into the heated and softened substrate 1002. In one example where the vacuum 
source is coupled to the transfer tool 224 to secure the ftmctional blocks 206 to the nozzles 226, 
the vacuum needs to be released to release the ftmctional blocks 206 from the nozzles 226. 

[0068] In one example, the surface of the transfer tool 224 that contact the substrate 1002 
is covered with or made out of a non-stick material. For example, the surface of the nozzles 226 
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and the pressing edges 404 on each side of the nozzles 226 are coated with a non-stick material 
such as fluoropolymer. The fluoropolymer coating will prevent the nozzles 226 and the pressing 
edges 404 from sticking to the substrate 1002 when the functional blocks 206 are being pressed 
into the substrate 1002. 

[0069] In one embodiment, the substrate 1002 may include a couple of tags 1004 placed 
on the surface of the substrate 1002. The transfer tool 224 includes a coupled of stopping posts 
1006. As the transfer tool 224 is depositing the functional blocks 206 into the substrate 1002, 
(e.g., by pressing the functional blocks 206 into the heated and softened substrate 1002), the 
stopping posts 1006 of the transfer tool 224 contact and register the tags 1004. When this 
contact occurs, the transfer tool 224 will stop pressing the nozzles and the blocks 206 further into 
the substrate 1002. The stopping posts 1006 and the tags 1004 are particularly useful to 
determine how deep the functional blocks 206 are to be pressed into the substrate 1002. 

[0070] The embodiments discussed in relation to Figure 10 enable the forming of 
receptor sites 1008 as the fimctional blocks 206 are being deposited. The functional blocks 206 
are pressed into the heated and softened substrate. As the functional blocks 206 are pressed into 
the substrate, they create the receptor sites 1008 that are conforming to the shapes and sizes of 
the particular functional blocks 206. Some material of the substrate 1002 may be displaced as 
the blocks are being deposited. This displacement is nevertheless minimal. Creating the 
receptor sites 1008 as the functional blocks 206 are being deposited prevents the problem of the 
functional blocks not filling the receptor sites perfectly and thus, may eliminate the need for a 
planarization layer. Additionally, the substrate need not be supplied with receptor sites already 
formed therein. This allows for flexibility in using the same substrate to make electronic devices 
having different patters of fimctional blocks. 
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10071) Figure 11 illustrates another exemplary embodiment, embodiment 1 100, of the 
present invention. In the embodiment II 00, a substrate 1 102 is coated with a layer of curable 
adhesive 1 101, for example, a layer of UV curable adhesive such as epoxy. Layer 1101 could 
also be an adhesive, such as a curable photoresist material or an anisotropic conductive material. 
The substrate 1 102 does not include receptor sites that are already formed into the surface of the 
substrate. 

[0072] To deposit the functional blocks 206 into the heated thermoset substrate 1 102, the 
process line 200 and the process line 220 discussed above can be used. Once the transfer tool 
224 have the functional blocks 206 attached to the nozzles 226 using the embodiments discussed 
above, the transfer tool 224 can press the functional blocks 206 into the UV curable adhesive 
layer 1101 on the substrate 1002. In one example where the vacuum source is coupled to the 
transfer tool 224 to secure the functional blocks 206 to the nozzles 226, the vacuum needs to be 
turned off to release the functional blocks 206 from the nozzles 226. 

[0073] In one example, the surface of the transfer tool 224 that contact the substrate 1 102 
is covered with or made out of a non-stick material. For example, the surface of the nozzles 226 
and the pressing edges 404 on each side of the nozzles 226 are coated with fluoropolymer. The 
fluoropolymer will prevent the nozzles 226 and the pressing edges 404 from sticking to the 
substrate 1 102 when the functional blocks 206 are being pressed into the substrate 1 102. 

[0074] In another embodiment, the substrate 1 102 may include a couple of tags 1 104 
placed on the surface of the substrate 1 102. The transfer tool 224 includes a couple of stopping 
posts 1006. As the transfer tool 224 is depositing the functional blocks 206 into the UV curable 
adhesive layer 1 101 on the substrate 1 102substrate 1002, (e.g., by pressing the functional blocks 
206 into the UV curable adhesive layer 1 101), the stopping posts 1006 of the transfer tool 224 



003424.P053 



21 



contact and register the tags 1004. When this contact occurs, the transfer tool 224 will stop 
pressing the nozzles and the blocks 206 further into the UV curable adhesive layer 1 101 on the 
substrate 1 102. The stopping posts 1006 and the tags 1004 are particularly useful to determine 
how deep the functional blocks 206 are to be pressed into the UV curable adhesive layer 1 101 on 
the substrate 1 102. It is preferred that the UV curable adhesive layer 1 101 has a thickness that is 
similar to the thickness of the functional blocks 206. 

[0075] In another example, the blocks 206 are deposited onto a functional adhesive film, 
which can then be attached to other substrate to make electronic devices. The blocks 206 thus 
need not be attached to the substrate until the needs arise. For instance, the blocks 206 are first 
deposited to the functional adhesive film using the transfer tool 224 that has the blocks 206 
attached to it. When the transfer tool 224 is removed, the blocks 206 remain attached to the 
functional adhesive film. The functional adhesive film may be coupled to a carrier film or a 
release film (e.g., release paper), which may later on release the functional adhesive film when it 
is coupled to a substrate. The functional adhesive film can be an anisotropic conductive film or 
a photoresist film, or other type of film that performs a particular function for the electronic 
device. When ready, the functional adhesive film can then be affixed to a substrate such as the 
substrate 1 102 which can be used to make various electronic devices, e.g., antennas and circuit 
boards. The functional adhesive film with the functional blocks 206 attached thereto can be 
prepared in roll form from which desirable sections can be cut to attach to various substrates. 
Similar to the examples shown in Figure 11, these substrates do not include receptor sites to be 
created on the surfaces where the blocks can be deposited. Instead, the functional adhesive film 
functions to keep the blocks adhered to the substrates. 
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[0076| Figure 12 A illustrates yet another embodiment of the present invention, 
embodiment 1200. The embodiment 1200 includes a transfer tool 1202 which is similar to the 
transfer tool 224 described in Figure 2B. The transfer tool 1202 in the embodiment 1200 is used 
to transfer at least one functional block 1204 from one substrate 1206 to another substrate 1208. 

[0077) In the embodiment 1200, the functional blocks 1204 are formed on the substrate 
1206. In one example, the substrate 1206 is a semiconductor wafer typically used for making 
various electronic devices in the semiconductor field. Conventional methods used to form the 
functional blocks 1204 are well known in the art. In the embodiment 1200, the functional blocks 
are formed with the circuitry components 1212 facing the surface 1207 of the substrate 1206. 
Conventional etching methods are then used to form the shape of the functional blocks 1204, and 
in the example shown in Figure 12A, the shape is trapezoidal. As mentioned above, the - 
functional blocks 1204 can be of different shapes and sizes without deviating from the scope of 
the present invention. 

[0078) Continuing with the embodiment 1200, the transfer tool 1202 having at least one 
nozzle 1203 couples to the functional block 1204 on the substrate 1206. The transfer tool 1202 
removes the functional blocks 1204 from the substrate 1206. Conventional methods such as 
heating or solvents can be used to release the functional blocks 1204 from the substrate 1206. 
The transfer tool 1202 may be attached to a vacuum source to provide the necessary suction to 
the nozzle 1203 for the removal of the functional block 1204. The transfer tool may have a set of 
nozzles 1203 having a pattern matching the pattern of how the functional blocks 1204 are to be 
placed onto the substrate 1208. In one example, the substrate 1208 includes a plurality of 
receptor sites 1209. In this example, the nozzles 1203 will have the pattern that is in alignment 
with the pattern of the receptor sites 1209 on the substrate 1208. 
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[00791 Note that when the transfer tool 1202 removes the functional blocks 1204 from 
the substrate 1206, the circuitry components 1212 formed on the functional blocks 1204 are 
facing away from the transfer tool 1202. The embodiment 1200 further includes a transfer 
station 1210. The functional blocks 1204 are dropped into the transfer station 1210 and there, 
the functional blocks 1204 are inverted. The transfer tool 1202 then picks up the inverted 
functional blocks 1204 and this time, the circuitry components 1212 are facing toward the 
transfer tool 1202. In one example, the embodiment 1200 includes another transfer tool which 
will pick up the inverted functional blocks 1204 are deposit the blocks 1204 to the substrate 
1208. 

[0080] Continuing with the embodiment 1200, the transfer tool 1202 deposits the 
functional blocks 1204 into the receptor sites 1209 in the substrate 1208. The vacuum pressure 
may need to be released in order for the transfer tool 1202 to drop the functional blocks 1204 
into the receptor sites 1209. The nozzles 1203 may press down onto the substrate 1208 as 
discussed above to planarize and secure the function blocks 1204 in the receptor sites. 

[0081] The embodiment 1200 can be used in conjunction with some of the embodiments 
discussed above, (e.g.. Figures 6 to 11). For example, the substrate 1208 may include adhesives 
and water droplets to facilitate the deposition of the functional blocks into the substrate 1208. 
The substrate 1208 may also be submerged in water during the deposition process to facilitate 
the deposition of the functional blocks into the substrate 1208. Alternatively, the substrate 1208 
may be made out of a themioset or thermoplastic material so that it can be heated and the 
functional blocks 1204 can be pressed into the substrate 1208 as discussed above. 

[0082] Figure 12B illustrate another exemplary embodiment 1220 which is similar to the 
embodiment 1200 of Figure 12 A except with regard to the processes of depositing the functional 
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blocks 1204 into the substrate. This figure shows that the transfer tool 1202 having at least one 
nozzle 1203 has removed the functional blocks 1204 from the substrate 1206 shown in Figure 
12A. In this embodiment, the transfer tool 1202 places or attaches the functional blocks 1204 
onto a carrier 1222. The carrier 1222 includes a functional layer 1224 deposited thereon. Both 
the carrier 1222 and the functional layer 1224 include no receptor sites such as the receptor sites 
1209 in the substrate 1208 of Figure 12 A. Also, note that the functional blocks 1204 have not 
been inverted at this point in the process. The functional blocks 1204 are placed or attached to 
the functional layer 1224 with the circuit side being in immediate contact with the functional 
layer 1224. The functional layer may function as a photopattemable film or an anisotropic 
conductive film typically used in making electronic devices. 

[0083] Continuing with Figure 12B, a material that is typically used for a substrate such 
as for a display substrate can be used to form the substrate layer 1226 is deposited over the 
functional blocks 1204 that are now attached to the fimctional layer 1224. The substrate layer 
1226 that is deposited over the functional blocks 1204 is then turned over or flipped over. The 
carrier 1222 is removed exposing the surface of the functional layer 1224 that does not have the 
functional blocks 1204 attached thereto. In the case where the functional layer 1224 is a 
photopattemable film, contact vias 1230 are then created in the photopattemable film 1224 fi-om 
the surface of the photopattemable film 1224 that does not have the functional blocks 1204 
attached thereto using conventional methods to enable electrical interconnections to the 
functional blocks 1204 using conventional methods such as lithography and developing. Once 
the vias 1230 are created conventional metalization can be done to the functional blocks 1204. 
In the case where the functional layer 1224 is an anisotropic conducting film, electrical contacts 
to the functional blocks 1204 may be established through the functional layer 1224. 
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[00841 Figure 12C(1H5) illustrates yet another exemplary apparatus used to transfer the 
functional blocks 1204. This apparatus uses a transfer tool 1250 having an adhesive layer 1251 
attached to one end as illustrated in Figure 12C(1). The transfer tool 1250 is similar to the 
transfer tools described above in most aspects except that there are no nozzles such as nozzles 

1203 included. The transfer tool 1250 may include a vacuum source such that facilitates in 
holding the adhesive layer 1251 to the transfer tool 1250 during transferring process. This 
vacuum source is similar to the vacuum source used in the transfer tool 1203 described above to 
adhere the functional blocks 1204 to the nozzle 1203. In one example, the transfer tool 1250 
picks up the functional blocks 1204 as the transfer tool moves toward the functional blocks 1204 
allowing the adhesive layer 1251 to pick up the functional blocks (see Figure 12C(l)-(2)). As 
shown in this figure, the functional blocks 1204 are deposited into a relocating tool 1252 that has 
receptor sites created to receive the functional blocks 1204 as discussed above and using the 
methods discussed above. The transfer tool 1250 lifts the functional blocks 1204 off the 
relocating tool 1252 as it moves away from the relocating tool 1252 with the functional blocks 

1204 adhered to the adhesive layer 1251 as shown in Figure 12C(3). At Figure 12C(4), the 
transfer tool 1250 deposits or transfers the functional blocks 1204 to a substrate 1253. In one 
example, the substrate 1253 is similar to the substrate 1002 and 1 102 as described in Figure 10 
and Figure 11, respectively. The substrate 1253 can be a thermoset material that can be heated, 
a UV curable material, or a thermoplastic material. In such event, the substrate 1253 needs not 
have any receptor site formed in the substrate to receive the functional blocks 1204 similar to the 
embodiments discussed in Figure 10 and Figure 11. Further, the functional blocks 1204 need 
not be encapsulated as shown in figure 12C(5) and adhesive layer 1251 may function as both 
adhesive layer 1251 and the substrate 1253. Once the functional blocks 1204 are deposited into 
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or onto the substrate 1253, the transfer tool 1250 releases the vacuum and leaving the adhesive 
layer 1251 on top of the substrate 1253 and the functional blocks 1204 deposited within the 
substrate 1253 as shown in figure 12C(5). This final structure can be used to make electronic 
devices wherein vias (not shown) can be created in the adhesive layer to enable electrical contact 
to the functional blocks 1204. In one example, the adhesive layer is made out of an anisotropic 
conducting film. In such case, electrical contact can be established to the functional blocks 1204 
through the adhesive layer 1251. 

[0085] Alternately, the transfer tool 1250 may be in the form of two continuous 
laminating machines with a way of pulling the relocating tool 1252 away from the adhesive layer 
1 25 1 located between the two continuous laminating machines. The adhesive layer 1251 and the 
substrate 1253 can be in the form of long webs. In a web based roll-to-roll process the first 
continuous laminating machine of the transfer tool 1250 laminates the adhesive layer 1251 onto 
the functional blocks 1204 and then the relocating tool 1252 is pulled away from the adhesive 
layer 1251 while leaving the functional blocks 1204 attached to the adhesive layer 1251. The 
second continuous laminating machine of the transfer tool 1250 then laminates the adhesive 
layer 1251 with the attached functional blocks 1204 onto the substrate 1253. 

[0086] Although not shown, the substrate 1253 can have a plurality of receptor sites 
configured to receive the functional blocks 1204. In that case, the receptor sites would be in 
alignment with the functional blocks 1204 such that the functional blocks can be properly 
deposited into the receptor sites. The embodiments discussed in Figures 2B, 2C, 6, 7, and 8-1 1 
can be used in conjunction with the transfer tool 1250 to deposit the functional blocks into the 
substrate 1253. 
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(0087) Figure 13 illustrates an exemplary method 1300 of depositing functional blocks 
into a substrate according to some of the embodiments of the present invention. At operation 
1302, the functional blocks are deposited into a relocating tool that has receptor sites configured 
to receive the functional blocks. In one example, FSA is used to deposit the functional blocks 
into the receptor sites in the relocating tool. At operation 1304, the relocating tool having the 
functional blocks deposited therein can be dried if necessary. At operation 1306, a transfer tool 
is used to remove the functional blocks from the relocating tool. The transfer tool has nozzles 
that are in alignment with the receptor sites on the relocating tool such that the transfer tool can 
accurately couple its nozzles to the functional blocks on the relocating tool to remove them. 

10088] At operation 1308, the transfer tool is moved over to a substrate having receptor 
sites, also configured to receive the functional blocks. These receptor sites are also in alignment 
with the nozzles on the transfer tool. At operation 1310, after the transfer tool is properly 
registered over substrate, the transfer tool release the functional blocks into the receptor sites 
with the transfer tool optionally being vibrated. A vacuum suction may have been used to secure 
the fimctional blocks to the nozzles. In such event, to release the functional blocks, the vacuum 
is turned off. At operation 13 12, the substrate having the functional blocks properly deposited 
can be dried or cured using, for example, a UV lamp. 

[0089] Figure 14 illustrates an exemplary method 1400 of depositing functional blocks 
into a substrate with the use of adhesive to secure the functional blocks according to some of the 
embodiments of the present invention. At operation 1402, the functional blocks are deposited 
into a relocating tool that has receptor sites configured to receive the functional blocks. In one 
example, FSA is used to deposit the functional blocks into the receptor sites in the relocating 
tool. At operation 1404, the relocating tool having the functional blocks deposited therein can be 
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dried if necessary* At operation 1406, a transfer tool is used to remove the functional blocks 
from the relocating tool. The transfer tool has nozzles that are in alignment with the receptor 
sites on the relocating tool such that the transfer tool can accurately couple its nozzles to the 
functional blocks on the relocating tool to remove them. 

[0090] At operation 1407, an adhesives dispenser is used to meter adhesives into receptor 
sites in a substrate. At operation 1408, the transfer tool is moved over to a substrate having 
receptor sites configured to receive the functional blocks wherein the receptor sites contain 
adhesives. These receptor sites are also in alignment with the nozzles on the transfer tool. At 
operation 1410, after the transfer tool is properly registered over substrate, the transfer tool 
release the functional blocks into the receptor sites with the transfer tool optionally being 
vibrated. A vacuum source may have been used to secure the functional blocks to the nozzles. 
In such event, to release the functional blocks, the vacuum source is turned off. At operation 
1412, the substrate having the functional blocks properly deposited can be dried or cured using, 
for example, a UV lamp. 

[0091] Figure 15 illustrates an exemplary method 1500 of depositing functional blocks 
into a substrate according to some of the embodiments of the present invention. The substrate 
includes adhesive to help secure the blocks to the substrate. The method 1500 uses water 
droplets to help move or direct the blocks to the receptor sites. At operation 1502, the functional 
blocks are deposited into a relocating tool that has receptor sites configured to receive the 
functional blocks. In one example, FSA is used to deposit the functional blocks into the receptor 
sites in the relocating tool. At operation 1504, the relocating tool having the functional blocks 
deposited therein can be dried if necessary. At operation 1506, a transfer tool is used to remove 
the functional blocks from the relocating tool. The transfer tool has nozzles that are in alignment 
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with the receptor sites on the relocating tool such that the transfer tool can accurately couple its 
nozzles to the functional blocks on the relocating tool to remove them. 

[0092] At operation 1505, an adhesives dispenser is used to meter adhesives into receptor 
sites in a substrate. At operation 1507, a water dispenser dispenses water droplets over the 
receptor sites in the substrate. The substrate is treated so that it is hydrophobic. In this way, the 
water droplet will sit over the receptor sites acting as a mini-FSA environment for the functional 
blocks. 

[0093] At operation 1508, the transfer tool is moved over to a substrate having receptor 
sites configured to receive the functional blocks wherein the receptor sites contain the adhesives 
and the water droplets. These receptor sites are also in alignment with the nozzles on the transfer 
tool. At operation 1510, after the transfer tool is properly registered over substrate, the transfer 
tool release the functional blocks into the receptor sites with the transfer tool optionally being 
vibrated. A vacuxmi suction may have been used to secure the functional blocks to the nozzles. 
In such event, to release the functional blocks, the vacuum is turned off. At operation 1512, the 
substrate having the functional blocks properly deposited can be dried or cured using, for 
example, a UV lamp. 

[0094] Figure 16 illustrates an exemplary method 1600 of depositing functional blocks 
into a substrate according to some of the embodiments of the present invention. The substrate 
includes adhesive to help secure the blocks to the substrate. The method 1500 uses water 
droplets to help move or direct the blocks to the receptor sites. At operation 1602, the functional 
blocks are deposited into a relocating tool that has receptor sites configured to receive the 
functional blocks. In one example, FSA is used to deposit the functional blocks into the receptor 
sites in the relocating tool. At operation 1604, the relocating tool having the functional blocks 
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deposited therein can be dried if necessary. At operation 1606, a transfer tool is used to remove 
the functional blocks from the relocating tool. The transfer tool has nozzles that are in alignment 
with the receptor sites on the relocating tool such that the transfer tool can accurately couple its 
nozzles to the functional blocks on the relocating tool to remove them. 

[00951 At operation 1605, an adhesives dispenser is used to meter adhesives into receptor 
sites in a substrate. At operation 1607, the substrate is submerged in water such that the receptor 
sites are slightly below the water level. At operation 1608, the transfer tool is moved over to a 
substrate having receptor sites configured to receive the functional blocks wherein the receptor 
sites contain the adhesives and submerged under water. These receptor sites are also in 
alignment with the nozzles on the transfer tool. At operation 1610, after the transfer tool is 
properly registered over substrate, the transfer tool release the functional blocks into the receptor 
sites with the transfer tool optionally being vibrated. A vacuum suction may have been used to 
secure the functional blocks to the nozzles. In such event, to release the functional blocks, the 
vacuum is turned off. At operation 1612, the substrate having the functional blocks properly 
deposited can be dried or cured using, for example, a UV lamp. 

[00961 Figure 17 illustrates an exemplary method 1700 of depositing functional blocks 
into a substrate according to some of the embodiments of the present invention. The substrate 
includes a curable adhesive to help secure the blocks to the receptor sites. At operation 1702, the 
functional blocks are deposited into a relocating tool that has receptor sites configured to receive 
the functional blocks. In one example, FSA is used to deposit the functional blocks into the 
receptor sites in the relocating tool. At operation 1704, the relocating tool having the functional 
blocks deposited therein can be dried if necessary. At operation 1706, a transfer tool is used to 
remove the functional blocks from the relocating tool. The transfer tool has nozzles that are in 
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alignment with the receptor sites on the relocating tool such that the transfer tool can accurately 
couple its nozzles to the functional blocks on the relocating tool to remove them. 

[0097] At operation 1707, a film of polymer adhesive such as polyvinyl alcohol is coated 
over the surface of the substrate including the receptor sites. Other curable adhesive can be used 
instead of the polyvinyl alcohol, such as polyisoprene-based adhesives, or other organic or 
polymeric adhesives. At operation 1708, the transfer tool is moved over to a substrate having 
receptor sites configured to receive the functional blocks wherein the receptor sites contain 
polyvinyl alcohol. These receptor sites are also in alignment with the nozzles on the transfer 
tool. At operation 1710, after the transfer tool is properly registered over substrate, the transfer 
tool release the functional blocks into the receptor sites with the transfer tool optionally being 
vibrated. A vacuum suction may have been used to secure the functional blocks to the nozzles. 
In such event, to release the functional blocks, the vacuum is tumed off. At operation 1712, the 
substrate having the functional blocks properly deposited can be dried or ciu-ed using, for 
example, a UV lamp. 

[0098] Figure 18 illustrates an exemplary method 1800 of depositing functional blocks 
into a substrate according to some of the embodiments of the present invention. The substrate 
includes a curable adhesive to help secure the blocks to the receptor sites. The substrate includes 
adhesive to help secure the blocks to the substrate. The method 1500 uses water droplets to help 
move or direct the blocks to the receptor sites. At operation 1 802, the functional blocks are 
deposited into a relocating tool that has receptor sites configured to receive the functional blocks. 
In one example, FSA is used to deposit the functional blocks into the receptor sites in the 
relocating tool. At operation 1804, the relocating tool having the functional blocks deposited 
therein can be dried if necessary. At operation 1806, a transfer tool is used to remove the 
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functional blocks from the relocating tool. The transfer tool has nozzles that are in alignment 
with the receptor sites on the relocating tool such that the transfer tool can accurately couple its 
nozzles to the ftinctional blocks on the relocating tool to remove them. 

[0099] At operation 1805, a film of polyvinyl alcohol is coated over the surface of the 
substrate including the receptor sites. Other curable adhesive can be used instead of the 
polyvinyl alcohol. At operation 1807, the substrate is submerged in water such that the receptor 
sites are slightly below the water level. At operation 1 808, the transfer tool is moved over to a 
substrate having receptor sites configured to receive the functional blocks wherein the receptor 
sites contain the polyvinyl alcohol and submerged under water. These receptor sites are also in 
alignment with the nozzles on the transfer tool. At operation 1810, after the transfer tool is 
properly registered over substrate, the transfer tool release the functional blocks into the receptor 
sites with the transfer tool optionally being vibrated. A vacuum suction may have been used to 
secure the functional blocks to the nozzles. In such event, to release the functional blocks, the 
vacuum is tumed off. At operation 1812, the substrate having the functional blocks properly 
deposited can be dried or cured using, for example, a UV lamp. . 

[001001 Figure 19 illustrates an exemplary method 1900 of depositing functional 
blocks into a thermoset substrate according to some of the embodiments of the present invention. 
At operation 1902, the functional blocks are deposited into a relocating tool that has receptor 
sites configured to receive the functional blocks. In one example, FSA is used to deposit the 
functional blocks into the receptor sites in the relocating tool. At operation 1904, the relocating 
tool having the functional blocks deposited therein can be dried if necessary. At operation 1906, 
a transfer tool is used to remove the functional blocks from the relocating tool. The transfer tool 
has nozzles that are in alignment with the receptor sites on the relocating tool such that the 
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transfer tool can accurately couple its nozzles to the functional blocks on the relocating tool to 
remove them. 

[00101] At operation 1907, the thermoset substrate is heated pass the substrate's 
thermo limit. The heating of the substrate makes the substrate soft so that the functional blocks 
can be pressed into the substrate. At operation 1908, the transfer tool is moved over to a 
substrate. The substrate in this embodiment does not contain any receptor site. At operation 
1910, the transfer tool releases the functional blocks into the receptor sites while pressing down 
on the nozzles to press the functional blocks into the heated substrate. As mentioned above, the 
transfer tool has non-stick surface (e.g., surface coated with fluoropolymer) so that the pressing 
of the functional blocks into the substrate does not make the nozzles or other part of the transfer 
tool sticks to the substrate. A vacuum suction may have been used to secure the functional 
blocks to the nozzles. In such event, to release the functional blocks, the vacuum is turned off. 
At operation 1912, the substrate having the functional blocks deposited therein can be dried or 
cured using, for example, a UV lamp. The curing and drying secure the functional blocks in the 
substrate. 

[00102] Figure 20 illustrates an exemplary method 2000 of depositing fimctional 
blocks into a substrate that has layer of curable adhesive coated thereon according to some of the 
embodiments of the present invention. At operation 2002, the functional blocks are deposited 
into a relocating tool that has receptor sites configured to receive the functional blocks. In one 
example, FSA is used to deposit the functional blocks into the receptor sites in the relocating 
tool. At operation 2004, the relocating tool having the functional blocks deposited therein can be 
dried if necessary. At operation 2006, a transfer tool is used to remove the functional blocks 
from the relocating tool. The transfer tool has nozzles that are in alignment with the receptor 
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sites on the relocating tool such that the transfer tool can accurately couple its nozzles to the 
functional blocks on the relocating tool to remove them. 

[00103] At operation 2007, the substrate is coated with a layer of curable adhesive 
such as epoxy. At operation 2008, the transfer tool is moved over to a substrate. The substrate 
in this embodiment does not contain any receptor site. At operation 2010, the transfer tool 
releases the functional blocks into the receptor sites while pressing down on the nozzles to press 
the functional blocks into the curable adhesive layer. As mentioned above, the transfer tool has 
non-stick surface (e.g., surface coated with fluoropolymer) so that the pressing of the functional 
blocks into the substrate does not make the nozzles or other part of the transfer tool sticks to the 
substrate. A vacuum suction may have been used to secure the functional blocks to the nozzles. 
In such event, to release the functional blocks, the vacuum is tumed off. At operation 2012, the 
substrate having the functional blocks deposited therein can be dried or cured using, for example, 
a UV lamp. The curing and drying secure the functional blocks in the substrate. 

[00104] Figure 21 illustrates an exemplary method 2 100 of transferring functional 
blocks formed on a first substrate to a second substrate according to some of the embodiments of 
the present invention. At operation 2102, the functional blocks are formed on the first substrate. 
The first substrate can be a wafer. The functional blocks are formed on the wafer such that the 
circuitry component parts are facing the surface of the wafer. At operation 2104, conventional 
etching methods are used to etch the functional blocks into desirable shapes and sizes, for 
example, trapezoidal shape of any particular size. 

[00105] At operation 2 106, a transfer tool is used to remove the functional blocks 
from the first substrate. The transfer tool has nozzles that are in alignment with the positions on 
the wafer where the functional blocks are formed. Note that when the transfer tool removes the 
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fiinctional blocks from the first substrate, the circuitry components formed on the functional 
blocks are facing away from the transfer tool, 

[00106] At operation 2 108, the functional blocks are dropped into a transfer station 
and there, they are inverted or flipped. At operation 2110, the transfer tool picks up the 
functional blocks with the nozzles, and this time, the circuitry components are facing toward the 
transfer tool. In one example, another transfer tool may be used to pick up the inverted 
functional blocks and to deposit the functional blocks to the second substrate. 

[00107] At operation 2109, substrate having receptor sites configured to receive 
the functional blocks is provided. These receptor sites are in alignment with the nozzles on the 
transfer tool. At operation 2110, the transfer tool is moved over the substrate. At operation 
2110, after the transfer tool is properly registered over substrate, the transfer tool release the 
functional blocks into the receptor sites. A vacuum suction may have been used to secure the 
functional blocks to the nozzles. In such event, to release the functional blocks, the vacuum is 
turned off. The nozzles may press down onto the substrate as discussed above to planarize and 
secure the function blocks in the receptor sites. 

[00108] At operation 2112, the substrate having the functional blocks deposited 
therein can be dried or cured using, for example, a UV lamp. The curing and drying secure the 
functional blocks in the substrate. 

[00109] In any of the methods described in Figure 13-21, a vibration source 
coupling to the transfer tool can be used to vibrate or agitate the nozzles of the transfer tool while 
the functional blocks are being deposited over the receptors sites. 

[00110] It will be appreciated that the methods and apparatuses described above 
can be used to make electronic devices such as flat panel displays for computer monitors, liquid 
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crystal display for notebook type computers, display for cellular phone, and display for digital 
camera and recorder, to name a few. 

[00111] Figure 22 illustrates an exemplary method 2200 of transferring functional 
blocks formed on a first substrate to a carrier according to some of the embodiments of the 
present invention. A second substrate is then formed over the functional blocks. At operation 
2202, the functional blocks are formed on the first substrate. The first substrate can be a wafer. 
The functional blocks are formed on the wafer such that the circuitry component parts are facing 
the surface of the wafer. At operation 2204, conventional etching methods are used to etch the 
functional blocks into desirable shapes and sizes, for example, trapezoidal shape of any 
particular size. 

[00112] At operation 2206, a transfer tool is used to remove the functional blocks 
firom the first substrate. Note that when the transfer tool removes the functional blocks firom the 
first substrate, the circuitry components formed on the functional blocks are facing away from 
the transfer tool. 

[00113] At operation 2208, the functional blocks are transferred, attached, or 
deposited to a functional layer (e.g., a photopattemable layer) deposited on a carrier. At 
operation 2210, a material that is used to form the second substrate is deposited over the 
functional blocks. The second substrate in this embodiment does not need to have any receptor 
sites prior to coupling to the functional blocks. The forming of the second substrate over the 
functional blocks makes the process of depositing the blocks onto the substrate much more easy 
since no alignment is necessary. 

[00114] At operation 2210 the substrate having the functional blocks coupled 
thereto is inverted and the carrier is removed exposing the photopattemable layer. At operation 
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2212, conventional methods are used to create contact vias in the photopattemable layer to allow 
electrical interconnections to the functional blocks. 

[00115] Although not shown, the second substrate having the functional blocks 
deposited therein can be dried or cured using, for example, a UV lamp. The curing and drying 
further secure the functional blocks in the substrate. 

(00116] In any of the methods described in Figure 13-22, a vibration source 
coupling to the transfer tool can be used to vibrate or agitate the nozzles of the transfer tool while 
the functional blocks are being deposited over the receptors sites. 

[00117] It will be appreciated that the methods and apparatuses described above 
can be used to make electronic devices such as flat panel displays for computer monitors, liquid 
crystal display for notebook type computers, display for cellular phone, and display for digital 
camera and recorder, to name a few. 



003424.P053 



38 



